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a b s t r a c t

Alternatives of treatments for multiple myeloma (MM) have become increasingly available with the
advent of new drugs such as proteasome inhibitors, thalidomide derivatives, histone deacetylase inhibi-
tors, and antibody drugs. However, high-risk MM cases that are refractory to novel drugs remain, and fur-
ther optimization of chemotherapeutics is urgently needed.
We had achieved asymmetric total synthesis of komaroviquinone, which is a natural product from the

plant Dracocephalum komarovi. Similar to several leading antitumor agents that have been developed
from natural compounds, we describe the antitumor activity and cytotoxicity of komaroviquinone and
related compounds in bone marrow cells. Our data suggested that komaroviquinone-related agents have
potential as starting compounds for anticancer drug development.

� 2017 Elsevier Ltd. All rights reserved.

Multiple myeloma (MM) is a neoplastic disease of immunoglob-
ulin-producing plasma cells. Although <1% plasma cells are present
in the bone marrow under normal conditions, various symptoms
appear when plasma cells transform into cancer cells (myeloma
cells), and numbers of myeloma cells reportedly increase in the
bone marrow under these conditions.1 Myeloma cells increase
not only in the bone marrow but also in other organs and tumors
that develop in other places are called plasmacytomas.

Myeloma cells produce large quantities of a monoclonal
immunoglobulin (M-protein) that does not have normal functions.
Under conditions of increased M-protein production, immunoglob-
ulin secretions from normal plasma cells decrease and immune
functions deteriorate, resulting in vulnerability to infections. In
addition, obstruction of hematogenous functions of the bone mar-
row by myeloma cells induces feebleness, breathlessness, or ane-
mia. Bone lytic lesions are typical among MM patients and
manifest as pain, pathologic fracture, spinal cord compression,
and hypercalcemia. Additionally, M-proteins damage organs such
as the kidney and cause malfunction.1

Anticancer agents such as melphalan, vincristine, and doxoru-
bicin are widely used to treat MM. In the 2000s, the proteasome
inhibitor bortezomib was developed as a new class of drug for
MM treatment, and thalidomide was reported to be effective
against MM. Subsequently, the thalidomide derivative lenalido-
mide was developed and tested as a treatment for MM. Currently,
these drugs are used in combination with conventional drugs as
initial treatments for MM.2 However, drugs such as bortezomib
and lenalidomide fail to sufficiently improve prognoses of patients
with high-risk MM.3 New drugs are still developed presently and
thalidomide derivative pomalidomide4 and proteasome inhibitors,
ixazomib5 and carfilzomib,6 were approved. In addition, histone
deacetylase (HDAC) inhibitor, panobinostat,7 and monoclonal anti-
bodies, elotuzumab8 and daratumumab,9 have become available as
drugs for MM with different mechanism. As described here,
options for the treatment of MM have increased and prognoses
of patients with MM have improved. However, MM remains incur-
able and further developments of more effective agents are
urgently required for high-risk MM in particular.

Recently, we had developed asymmetric total synthesis of
komaroviquinone (Scheme 1)10 which was previously isolated
from Dracocephalum komarovi.11 Komaroviquinone was shown to
have antitrypanosomal activity12 and we determined the same
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activities for compounds with quinone moieties identical to those
of komaroviquinone.13 Although multiple antitumor agents have
been developed from natural products,14 the antitumor activities
of komaroviquinone and its derivatives have not been reported.
Komaroviquinone is also a diterpene and a previous study of anti-
tumor activities warrants consideration of diterpenes as seed com-
pounds for novel antitumor agents.15 Accordingly, we screened
komaroviquinone and related compounds using cytotoxicity
assays in MUM24 cells,16 which were derived from a high-risk
MM patient who was refractory to thalidomide.

Initially, we tested cytotoxic activities of komaroviquinone in
MUM24 cells cultured at 37 �C in the presence of 5% CO2. In these
experiments, komaroviquinone was added to culture media and
cell death was determined after 48 h of incubation. Komaroviqui-
none showed cytotoxic activities against MUM24 cells at sub mM
concentrations, with a half-inhibitory concentration (IC50) value
of 0.65 mM (Fig. 1). However, komaroviquinone also strongly inhib-
ited the differentiation of normal bone marrow cells at 1 mM
(Fig. 1). Because the ratios of CFU–MIX, CFU–GM, and BFU–E were
almost the same regardless of compound concentrations, komaro-
viquinone might be cytotoxic and may not selectively inhibit the
differentiation of bone marrow cells.

Reactive oxygen species (ROSs) are reportedly produced by Try-
panosoma cruzi and could be related to the antitrypanocidal activ-
ities of komaroviquinone.12b It could be also speculated that
komaroviquinone generated ROSs in MUM24 cells and they were

involved in the cytotoxic activities17 and we monitored cytotoxic
activities of various compounds with quinone moieties identical
to those of komaroviquinone. In these experiments, quinone com-
pounds 8–15 all exhibited cytotoxic activities in MUM24 cell
(Fig. 2) and compounds 12–15 was shown to have promising IC50

values. These compounds lack the three chiral carbon centers on
the center and left side of komaroviquinone. Because these chiral
centers make the synthesis of komaroviquinone difficult, simpler
compounds, especially 14 and 15 are promising candidates for fur-
ther optimization. Accordingly, although compounds 14 and 15
have a single chiral carbon center, their synthesis was sufficiently
simple to allow studies of structure activity relationships (SAR) and
we can investigate the effect of substituents on the phenyl ring and
heterocycles.

Although compound 15 had promising cytotoxic activity
against MUM24 cell, its toxicity in normal bone marrow cells
was similar to that of komaroviquinone (Fig. 3), suggesting a rela-
tionship between the quinone structure and toxicity in bone mar-
row cells. Accordingly, the present quinone compounds exhibited
cytotoxicity against MUM24 cells but are likely to be toxic to nor-
mal bone marrow cells.

Because the present data suggest that the quinone moiety par-
ticipates in toxicity against normal bone marrow cells, we deter-
mined cytotoxic activities of komaroviquinone-related
hydroquinone dimethyl ethers 4, 6 (with hemiacetal)18 and 16
(Fig. 4). Among these compounds, compound 4, the intermediate
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Scheme 1. Asymmetric total synthesis of komaroviquinone.

Fig. 1. (A) Cytotoxic activities of komaroviquinone in MUM24 cells; (B) toxicity of komaroviquinone in normal bone marrow cells; effects of komaroviquinone on the
differentiation of normal bone marrow cells. CFU-MIX = Colony Forming Unit-mix. BFU-E = Burst Forming Unit-Erythroid. CFU-GM = Colony Forming Unit-Granulocyte
Macrophage.

Y. Suto et al. / Bioorganic & Medicinal Chemistry Letters 27 (2017) 4558–4563 4559



Download English Version:

https://daneshyari.com/en/article/5155862

Download Persian Version:

https://daneshyari.com/article/5155862

Daneshyari.com

https://daneshyari.com/en/article/5155862
https://daneshyari.com/article/5155862
https://daneshyari.com

